ABSTRACT. The efficacy of iodide and thyroxine in ameliorating the several deficiencies occasioned by thyroidectomy in male and female rats was compared in order to obtain indirect evidence for extrathyroidal thyroxine formation. More direct refutation of the opposing concept that iodide simulates the action of thyroxine was also sought in experiments with propylthiouracil (PTU) and tribromothyronine. In all indices of thyroxine action examined in thyroidectomized rats, namely, growth, metabolic rate, heart rate, and pituitary, adrenal and reproductive function, the restorative or maintenance activities of large quantities of iodide were identical with those of minute quantities of thyroxine. Effective doses of iodide presumably resulted in the formation of thyroxine in quantities equivalent to the daily injection of 0.25-0.5 ng. PTU abolished most of the growth response to iodide, while not interfering with the action of thyroxine, which provided even more cogent evidence that the responses obtained were due to the formation of thyroxine. To further support the inference that the inhibitory influence of PTU was exercised through interference with iodothyronine formation rather than interference with the extrathyroidal intracellular oxidation of iodide to the potentially active substance iodine, it was necessary to analogize with the effects of tribromothyronine and bromide. Since tribromothyronine possessed high biological activity in thyroidectomized rats while bromide was inactive, it was concluded that the iodothyronine molecule functions in some manner other than that of a simple transmembrane transport system for oxidizable iodide. Although the results strongly suggest that extrathyroidal thyroxine formation does occur in the rat, these lines of evidence are still circumstantial. (Endocrinology 78: 983,1966) E VIDENCE has been presented that large quantities of iodide promote skeletal growth and maturation (1, 2), repair and maintain anterior pituitary acidophils (3-5) and repair testicular function in thyroidectomized rats (1). Failure to demonstrate thyroxine formation under these conditions (1) suggested that iodide in itself simulates the action of thyroxine. Nevertheless, comparisons of the biological effects of iodide with those of thyroxine in thyroidectomized rats were continued in an effort to demonstrate, indirectly, that the responses obtained with large doses of iodide were due to the formation of small quantities of thyroxine. Renewed efforts Received October 25,1965. Aided by grants from the USPHS (AM-03150 and AM-3612) and the Research Committee of the University of California.
vided even more cogent evidence that the responses obtained were due to the formation of thyroxine. To further support the inference that the inhibitory influence of PTU was exercised through interference with iodothyronine formation rather than interference with the extrathyroidal intracellular oxidation of iodide to the potentially active substance iodine, it was necessary to analogize with the effects of tribromothyronine and bromide. Since tribromothyronine possessed high biological activity in thyroidectomized rats while bromide was inactive, it was concluded that the iodothyronine molecule functions in some manner other than that of a simple transmembrane transport system for oxidizable iodide. Although the results strongly suggest that extrathyroidal thyroxine formation does occur in the rat, these lines of evidence are still circumstantial. (Endocrinology 78: 983, 1966) E VIDENCE has been presented that large quantities of iodide promote skeletal growth and maturation (1, 2) , repair and maintain anterior pituitary acidophils (3) (4) (5) and repair testicular function in thyroidectomized rats (1) . Failure to demonstrate thyroxine formation under these conditions (1) suggested that iodide in itself simulates the action of thyroxine. Nevertheless, comparisons of the biological effects of iodide with those of thyroxine in thyroidectomized rats were continued in an effort to demonstrate, indirectly, that the responses obtained with large doses of iodide were due to the formation of small quantities of thyroxine. Renewed efforts
were also made to demonstrate extrathyroidal thyroxine formation by initiating the search for thyroxine during the first several weeks of iodide treatment and by using improved chromatographic procedures. The purpose of this paper is to present the biological studies and thereby provide further information on growth and pituitary function and new data on the maintenance of adrenal and ovarian function, metabolic rate and heart rate. In addition, experiments with propylthiouracil and tribromothyronine are reported which cast doubt on the conception that the striking biological effects observed are attributable to a direct action of the iodide ion. Finally, a report in preparation by two of the authors (AT and ESE) will demonstrate that significant quantities of thyroxine are present in the plasma of thyroidectomized rats treated with iodide.
I to destroy residual thyroid tissue. In 3 experiments, so specified, the rats received a second injection of the same quantity of 131 I 7 days after the first. All rats were maintained on a standard laboratory diet (Diet I) beginning 1 week after the first or second injection of 131 I. Normal rats were maintained under the same dietary conditions. Room temperature was 78 ±1 F (range).
In female rats subjected to both thyroidectomy and hypophysectomy, the 2 operations were performed simultaneously at 26-28 days of age without the use of low iodine diets or 131 I. In addition to the standard laboratory diet fed dry, these rats received a wet mash of the same diet every afternoon.
Injections. Iodide was injected subcutaneously, once daily, 1 in a volume of 0.2 ml as either the potassium or sodium salt. Since it had been found in preliminary experiments that Nal was better tolerated than KI in doses above 5 mg of iodide, the sodium salt was used in experiments employing doses above this level. This was particularly true in hypophysectomized-thyroidectomized rats in which the dose of iodide had to be limited to 1 mg as Nal. The solutions were prepared fresh weekly and kept in dark bottles under refrigeration.
The thyroxine solutions were prepared fresh weekly by dissolving sodium L-thyroxine in alkaline solution (Na 2 CO3); they were kept under refrigeration and injected intraperitoneally, once daily, in a volume of 0.5 ml. D,LTribromothyronine, generously supplied by Dr. Rosalind Pitt-Rivers, was dissolved and injected in the same manner as thyroxine.
Growth hormone (lot G-28) was prepared from bovine pituitary glands according to the published method (6) . It was from the same lot as that employed in a previous study (7) in which it was completely characterized. The hormone was administered ip in 0.5 ml of aqueous solution at pH 8.5.
In maintenance experiments, injections were started 24 hr after the injection of 131 I. In repair 1 Iodide is no more effective when administered either in divided doses throughout the day or in the drinking water. experiments, injections were begun 75-80 days after 131 I injection except in the experiment on heart rate in which the injections were started 27 days after 13l I. Iodide and growth hormone injections were started in hypophysectomizedthyroidectomized rats 14 days after the operations. The doses of the several substances administered were not changed during the chronic injection periods unless so indicated.
Completeness of ablations.
Twenty hr prior to autopsy the thyroidectomized and hypophysectomized-thyroidectomized rats were injected with a tracer dose of 131 I (1-10 MC) for checking the completeness of thyroidectomy. At autopsy all tissues in the neck ventral to the vertebral muscle mass were removed, weighed, and the 131 I activity was determined in a scintillation counter. The difference between radioactivity in this mass of tissue and that in an equal mass of leg musculature gave the cpm taken up by any thyroid remnant. The uptake was then expressed as the percentage of the total quantity of radioactivity administered. Animals were rejected as incompletely thyroidectomized if the uptake exceeded 0.05%. This criterion could not be considered valid in the animals receiving large doses of iodide. However, since 90 % of the untreated controls were found to be completely thyroidectomized, it was assumed that the incidence of completeness was similarly high in the iodide-treated groups. The values for 131 I uptake in the hypophysectomizedthyroidectomized controls, lacking the stimulatory action of thyrotrophin, were the same as in the untreated thyroidectomized rats, namely, 0.01-0.05%.
Completeness of hypophysectomy was judged on the basis of an immediate cessation of growth, impaired muscle tone, persistence of juvenile hair prior to onset of injections, and by examination of the pituitary site under a binocular dissecting microscope at autopsy.
Growth.
Five different experiments were conducted on the growth-promoting action of iodide: 1) establishment of dose-response curves to iodide (as Nal) in thyroidectomized male rats after a postoperative delay, 2) determination of the dose of thyroxine equivalent to 5 mg of iodide (as KI) after a postoperative delay in thyroidectomized male rats, 3) comparison of the effectiveness of iodide (as KI) and thyroxine in thyroidectomized female rats when injections were begun at the time of operation as compared to after a postoperative delay, 4) measurement of the response of thyroidectomized male rats to iodide (as Nal) when administered from the time of operation in increasing dosage, and 5) evaluation of the response of hypophysectomized-thyroidectomized rats to iodide (as Nal) alone and in combination with growth hormone (GH). In these experiments growth was measured by increases in body weight and length. The thyroidectomized rats were weighed every 7 days and the hypophysectomizedthyroidectomized rats every 4 days. Body length (tip of nose to tip of tail) was measured only at autopsy in most instances.
Pituitary morphology and bio-assay. Thyroidectomized female rats were injected with 5 mg of iodide (as KI) beginning at operation and continuing for 84 days. In order to equate the responses to those given by thyroxine, comparable numbers of thyroidectomized rats were treated with 0.25 ng thyroxine. Other groups of thyroidectomized and normal rats were maintained as untreated controls. At autopsy, on day 85, pituitary glands were removed from representative members of each group and fixed in sublimate-formol (9:1) for histologic study. All remaining glands were used for bio-assay ofGH.
GH was extracted from the anterior lobes as previously described (8) . Female rats were hypophysectomized at 26-28 days of age and used 14 days later as assay animals. They were injected with graded doses of the pituitary extract equivalent to from 1 gland to 1/64 gland total dose. Injections were given ip, once daily for 4 days, in a volume of 0.5 ml. Autopsy was performed 24 hr after the last injection. GH concentration was determined by the tibia test (9) .
The pituitaries for histologic study were embedded in nitrocellulose and sectioned at 4 /x in a horizontal plane. Representative sections from 3 levels of each gland (j, \, f through the gland) were stained by the periodic acid-Schiffiron hematoxylin-orange G technique. A differential count of 2000 anterior pituitary cells from each of these levels was made by the method of Rasmussen and Herrick (10), using a magnification of 1250 X. The counts of the 3 levels were averaged and expressed as percentages of each gland.
Other endocrine and endocrine-dependent organs.
The thyroidectomized rats used in the pituitary experiments provided the material for determining the degree of maintenance of the several other endocrine organs by iodide as compared to thyroxine. In addition to the pituitary, the adrenals, ovaries, uterus and thymus were removed from each rat and weighed. The adrenals were fixed in 10 % formol, embedded in gelatin, frozen, sectioned at 10 n and stained with Sudan black. The ovaries were fixed in Zenker-formol, embedded in nitrocellulose, sectioned at 6 n and stained with hematoxylin and eosin and with Mallory-Azan.
Estrous cycles. Estrous cycles were followed daily in thyroidectomized rats injected with 5 mg of iodide (as KI) and with 0.25 y,g thyroxine both from the time of operation (after vaginal membrane rupture) and after a period of postoperative delay. Intact and thyroidectomized controls were similarly followed. These were the same animals used in the growth experiments to compare the effectiveness of iodide and thyroxine when administered immediately after operation and after a postoperative delay. The rats were exposed to 12 hr of constant illumination daily, and vaginal smears were diagnosed at the same time each day. Permanent records were secured by staining the smears according to the Papanicolaou technique.
Metabolic rate. Metabolic rate was determined as previously described (7) . The only changes made in this study were that the rats were not fasted prior to measurement and oxygen consumption was followed over a 2 hr period rather than for 2.5 hr.
Heart rate. Heart rate was measured in female rats immediately prior to thyroidectomy and every 7 days thereafter with a SanbornCardiette (Model 51), using needle electrodes placed under the skin of the right and left forelegs and the right hindleg. The rats were maintained under light sodium pentobarbital anesthesia during the determinations (3 mg/100 g body wt in 0.9% NaCl solution). Twentyeight days after thyroidectomy the rats were divided into equal groups of the same body weight, and daily injections of 5 mg of iodide (as KI) and 0.25 jug thyroxine were begun in 2 groups and continued for 42 days. A third group of thyroidectomized rats together with a group of intact rats served as untreated controls.
Propylthiouracil (PTU).
Thyroidectomized male rats were fed either Diet I or Diet I to which 0.1% PTU had been added while they were injected with 5 mg of iodide (as KI) or with 0.25 /xg thyroxine beginning 80 days postoperatively. Normal and thyroidectomized controls were also maintained on Diet I with and without added PTU. The diets were mixed fresh weekly and stored under refrigeration. In this experiment food consumption was carefully measured daily from the onset of treatment. This was facilitated by housing the animals on screens and using food dispensers designed to reduce food scatter. The data on food consumption for the first 12 days were eliminated from the results since this length of time was required for the rats to adjust to the diet containing PTU. During this period food consumption was severely curtailed in the thyroidectomized rats on the diet containing PTU as contrasted to those on Diet I.
Results

Growth.
Previous experiments on growth (1) had suggested that a dose-response relationship might be obtained with iodide, as it is with low doses of thyroxine, in thyroidectomized rats. The data presented in Fig. 1 demonstrate conclusively that such a relationship does exist in the dose range of 1 to 25 mg of iodide per day in thyroidectomized male rats. Quantities in excess of 25 mg, however, were found to be toxic, as indicated by loss of body weight and decreased food consumption.
To obtain information on the quantities of thyroxine that might be formed in thyroidectomized rats during the administration of iodide, one dose of iodide was selected for comparison with graded doses of thyroxine in their ability to repair growth. It was found that 5 mg of iodide was equivalent to 0.25 jug thyroxine (Fig. 2) . In most of the remaining experiments these same doses were used for comparison of the biological efficacy of iodide and thyroxine.
Although growth was markedly stimulated by iodide in the preceding experiments, normal size was not attained even at the highest dose tolerated. A possible explanation for this deficiency was that the injections were delayed too long after thyroidectomy. In order to test the possibility that iodide is more effective when adminis- tered immediately after thyroidectomy, groups of thyroidectomized female rats were injected with iodide both from the time of operation and after a delay of 80 days. Since data on this point were lacking for thyroxine, it was also tested. As shown in Fig. 3 , iodide and thyroxine were considerably more effective when injections were not delayed. Under these conditions nearly normal growth was maintained during the 88-day period of observation.
After it had been established that the growth response could be intensified by increasing the dose of iodide and initiating injections immediately after thyroidectomy, a renewed effort was made to obtain normal growth in thyroidectomized male rats. In this experiment injections were begun immediately after thyroidectomy and the dose of iodide was increased stepwise' from 5 to 25 mg per day (Fig. 4) . The growth plateau which occurred at a subnormal level during the administration of 25 mg of iodide suggested that this quantity might be in excess of optimal and, for this reason, the dose was lowered to 20 mg. Thereafter, a new phase of growth ensued and terminally, after 476 days, the thyroidectomized rats treated with iodide had achieved 80% of normal body weight and 90% of normal body length. Thus, the response obtained in the female was approached in the male only at a much higher level of iodide.
Scow has reported that both thyroxine and GH stimulate growth in hypophysectomized-thyroidectomized rats and when combined they produce an additive effect (11) . As shown in Fig. 5 , the sams results were obtained when iodide and GH were tested alone and in combination. Iodide, at the highest dose tolerated by these sensitive animals, induced an increment of growth equivalent to that obtained with 10 jiig GH. Furthermore, when iodide was combined with the several doses of GH employed, an additive effect was observed in each instance. These results suggest that the growth response of thyroidectomized rats to iodide, as with thyroxine, is due both to a direct action and through its intensification of the action of GH.
Pituitary morphology and bio-assay. It has been established that iodide induces a regranulation of pituitary acidophils in thyroidectomized rats (5) . In that study, however, only a qualitative evaluation of acidophil changes was made. Furthermore, since iodide injections were begun after a considerable postoperative interval, the effect was not too impressive, as evidenced by its rapid decline after 28 days of injection. In view of the striking and continuous effects on growth when iodide injections were started immediately after thyroidectomy, it seemed desirable to study changes in acidophil numbers under these conditions and, if possible, to correlate them with changes in pituitary GH content. As anticipated from the results on growth, the number of acidophils was maintained at 88% of normal in the group treated with 5 mg of iodide daily (Table I) . 2 It was surprising, however, that the percentage of acidophils in the group injected with 0.25 fig thyroxine daily was only 71 % of normal, since these two quantities had been found 1 It is realized, as stressed by Halmi in a recent review (12) , that the percentage of chromophobes in the pituitary of the normal rat is much lower than indicated in Table 1 . Although the cells were classified in this study according to commonly accepted standards of light microscopy, it has been found possible, upon very careful examination, to reclassify the majority of the chromophobes without the use of an electron microscope. The results, thus far, for the normal rats ( to give equivalent growth responses. The majority of the cells were larger than normal and contained fewer specific granules that were unevenly distributed in the cytoplasm. This deficiency in granulation, excluding evidence to the contrary (13), 3 offered a possible explanation for the discrepancy between the degree of maintenance of acidophil numbers and the relative GH concentration in the anterior lobe. As shown in Fig. 6 , the GH content was only 50% of normal in the iodide-treated group and approximately 25% of normal in the thyroxine-treated group. 3 We have confirmed Knigge's enigmatic finding that the anterior pituitary is devoid of acidophils 2 weeks after thyroidectomy, while the growth hormone content, as assayed by the tibia test in hypophysectomized rats, is normal. Recent experiments, employing hypophysectomized-thyroidectomized rats as assay animals to eliminate the synergistic action of thyrotrophin, have shown that the growth hormone content, in reality, is reduced to an extremely low value as compared to normal. These new data will be presented in a subsequent report. Previously, little attention had been paid to the influence of iodide on the expanded basophil population of the thyroidectomized rat. It was interesting that iodide significantly reduced the number of those basophils considered to be thyrotrophs, again exceeding the effects of thyroxine (Table 1) . Cytologically, these cells were less swollen and vacuolated, contained more specific granules and fewer "T" granules, and the Golgi ring was reduced in size. These results indicate thyroidectomy cells are more sensitive to small quantities of thyroxine than previously indicated (3, 14) .
The weight of the anterior pituitary was maintained at normal by both iodide and thyroxine (Table 2) .
Adrenal glands. Although the adrenal glands of the thyroidectomized rat have been shown to be sensitive to small quantities of thyroxine (15) , earlier experiments failed to demonstrate a stimulatory effect of iodide, possibly because the injections were delayed too long after the operation (1). The thyroidectomized rats used in the experiment described in the previous section offered favorable material for resolving this discrepancy. Under these conditions iodide maintained the adrenal glands at twice the weight of those in untreated thyroidectomized controls ( Table 2 ). The functional state of the gland was probably still considerably subnormal, however, as suggested by both weight and histology. The deficiency in adrenal weight was explicable on the basis of a narrow fasciculata, containing cells that were neither as large nor as regularly arranged in radial sheets as in the normal. Furthermore, this zone exhibited a preponderance of coarse, uneven lipid droplets in contrast to the fine uniform material that characterizes the normal adrenal (Fig.  7) . On the other hand, the reticularis was normal and the glomerulosa, as in the thyroidectomized controls, was wider than normal (Fig. 7) . 4 The adrenal glands of the thyroidectomized rats treated with thyroxine did not differ in either weight or histology from those just described.
Reproductive function. It was shown previously that iodide induced a significant degree of repair of the subnormal weight of the testes, seminal vesicles and prostate of the thyroidectomized rat, presumably through repair of anterior pituitary gonadotrophic function (1) . In the present study, the degree of maintenance of reproductive 4 The functional significance of the increased width of the glomerulosa in thyroidectomized and in hypophysectomized rats is, at present, unknown. function in the female rat was evaluated by examining the weight and histology of the ovaries and the weight of the uteri of the rats used as pituitary donors, and by following estrous cycles in the groups of rats shown in Fig. 3 .
Although the weight of the ovaries of the iodide-treated group (Table 2) could be distinguished from normal, it was only after very careful examination that a histological difference could be perceived. 5 This subtle difference appeared to be principally in the frequency with which follicles were developing since most of the follicles present were of about the same size, whereas in the normal they were more varied in size and formed a developmental series. The corpora lutea present reflected this difference, for viewed collectively they failed to show a progressive series of regression. Another difference was that early follicular atresia, which characterized the thyroidectomized controls, was not completely corrected, as evidenced by more than normal numbers of colloid-filled vesicles in the medullary region. The interstitial cells were normal, contrasting sharply with the small cells containing nuclei displaying the typical "wheel" type of pyknotic chroma tin pattern present in the thyroidectomized controls. Uterine weight in the iodidetreated group (Table 2) did not differ significantly 6 from normal, which gave additional confirmatory evidence of the normality of the ovaries. The ovaries of the group 5 These results are in sharp contrast to those obtained with the adrenal glands. As shown previously (15), the ovaries require less thyroxine for normal maintenance than do the adrenal glands. 8 Values of p <0.01 were considered as indicating a significant difference between means in this study. treated with thyroxine, although significantly lower in weight, could not be distinguished histologically from those of the iodide-treated group. Uterine weight did not differ significantly in the two treated groups but was subnormal in the one receiving thyroxine. Photomicrographs of the ovaries from representatives of the several groups are shown in Fig. 8 .
Examination of estrous cycles in thyroidectomized rats treated with iodide and thyroxine from the time of operation further attested to the fact that the ovaries were essentially normal in function (Fig. 9) . The average length of time between estrous cycles in the several groups during the period of observation was 5.0+0.2 (SE) days in the normal, 5.1+1.2 days in the iodide-treated, 6.1+0.8 days in the thyroxine-treated, and 16.7 + 3.4 days in the thyroidectomized control.
As anticipated, iodide and thyroxine were less effective in restoring normal estrous rhythm in thyroidectomized rats after a postoperative delay (Fig. 10) . In both groups the cycles were significantly longer than normal and more irregular. The average length of time between estrous cycles in the several groups was 4.0+0.2 days in the normal, 5.6 ±0.3 days in the iodide-treated, 5.3 +0.2 days in the thyroxine-treated, and 18.5+3.2 days in the thyroidectomized control. The shorter cycle length and greater regularity observed in the normal rats in this instance was attributed to the attainment of sexual maturity.
Thymus. The increased thymic weights in the thyroidectomized groups receiving iodide and thyroxine (Table 2) 
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Volume 78 hypophysectomized-thyroidectomized rats (Fig. 5) .
Metabolic rate. Earlier attempts to demonstrate an effect of iodide on the metabolic rate of the" thyroidectomized rat failed, most probably because only single terminal measurements were made (1). When metabolic rate was followed carefully in the rats whose growth curves are shown in Fig.  2 , the calorigenic response to iodide was unequivocal (Fig. 11) . During the 105-day injection period, 5 mg of iodide per day maintained heat production significantly above the thyroidectomized control level. Furthermore, the magnitude of the response exceeded that given by 0.25 ng thyroxine except during the first several weeks of injection. As noted previously (15) , the calorigenic response to the different doses of thyroxine could be distinguished throughout the first half of the injection period; thereafter, metabolic rate declined to the thyroidectomized control level in the groups receiving 0.1 and 0.25 ng thyroxine daily. On the other hand, the metabolic rate of the groups treated with 5 mg of iodide and 0.5 ng thyroxine daily could be distinguished from that of thyroidectomized controls but not from each other during this latter period. Metabolic rate was also followed at frequent intervals for the first 224 days of the 476-day injection period in the rats whose growth curves are shown in Fig. 4 and, as shown in Fig. 12 , the calorigenic action of iodide was confirmed. Although the dose of iodide was increased, the metabolic rate declined to 27 Cal/m 2 /hr at the end of the first month of injection and thereafter remained at this level. The thyroidectomized and normal controls also achieved a constant level at this time, remaining at average values of 20 and 45 Cal/m 2 /hr, respectively.
The limited calorigenic response to iodide is most probably explicable on the basis of a deficiency of the several hormones controlling metabolic rate, namely, GH, thyroxine and adrenal glucocorticoids (7) . The biological evidence presented thus far suggests that the administration of a large quantity of iodide to thyroidectomized rats results in the extrathyroidal formation of a small quantity of thyroxine which is not sufficient to maintain the production of normal quantities of either GH or adrenocorticotrophin by the anterior pituitary. However, since there is a marked difference in sensitivity to thyroxine with regard to growth and meta-
FIG. 11. Comparison of calorigenic action of iodide (as KI)
with that of thyroxine in thyroidectomized male rats. These are same rats whose growth curves are shown in Fig. 2 . Calorigenic response of thyroidectomized male rats to iodide (as Nal) administered in increasing dosage (doses shown are per day). These are same rats whose growth curves are shown in Fig. 4 ; however, metabolic rate was only followed for the first 32 weeks of the 68-week injection period.
bolic rate in thyroidectomized rats (15), growth was maintained at a nearly normal rate. It was interesting that metabolic rate remained constant at 45 Cal/m 2 /hr in the normal male rats during the eight months of observation. This was in contrast to previous results obtained with normal female rats in which metabolic rate declined from 42 Cal/m 2 /hr, at 44 days of age, to a constant level of 30 Cal/m 2 /hr at 100 days of age (16) . It is significant, in this regard, that the female rat approaches a growth plateau at this age while growth is still vigorous in the male. These results re-emphasize the importance of GH as a determinant of the levels of heat production (7).
Heart rate. It is known that parallelism exists between metabolic rate and heart rate in homoiotherms. Since iodide increased the low metabolic rate of the thyroidectomized rat, its effect on heart rate was also tested and compared with the response to a low Fig. 13 , the heart rate of the normal rats remained constant during the pre-injection period, whereas that of the thyroidectomized rats declined to 60% of normal. After the onset of injections, the heart rate of the thyroidectomized rats injected with thyroxine showed a more rapid increase initially than did that of the iodide-treated rats; 7 thereafter, heart rate was the same in both treated groups. Terminally, heart rate was 90% of normal in the treated groups in contrast to 62% of normal in the thyroidectomized controls.
Although the results indicated that heart rate was more sensitive to iodide and thyroxine than was metabolic rate, both indices 7 Experiments on growth and metabolic rate have also shown that the response to thyroxine is more rapid during the first 2 weeks of treatment. The only explanation that can be offered at present for this phenomenon is that initially the level of circulating iodide may be excessive and therefore somewhat toxic. Subsequently, with the formation of thyroxine and consequent increase in renal clearmust be followed simultaneously before a conclusion can be reached. Furthermore, these results require confirmation, for they conflict with those of Leblond and Hoff (17) , who failed to observe an effect of iodide on heart rate in thyroidectomized rats under comparable conditions.
Propylthiouracil (PTU).
In order to obtain evidence that iodide exerts its biological effects after its conversion, extrathyroidally, to organic iodine, presumably thyroxine, an attempt was made to inhibit the growth response to iodide in thyroidectomized rats by simultaneous treatment with ance of iodide, the balance between gain and loss of the ion is adjusted toward an optimum. In this regard, it has been consistently observed that, if thyroidectomized rats develop a respiratory infection coincident with the initiation of iodide treatment, neither growth nor recovery from the infection is possible, even though antibiotics are given, until the iodide treatment is interrupted for a short period. PTU. Growth was markedly inhibited in the thyroidectomized rats receiving iodide when 0.1% PTU was added to the diet (Fig. 14) , a result consistent with the PTU inhibition of acidophil maintenance noted by others (3, 4) . On the other hand, PTU interfered only slightly with the action of thyroxine, which made it unlikely that the inhibition observed was due to some generalized toxic effect of the antithyroid drug. 8 The immediate cessation of growth in the normal rats after the initiation of PTU treatment attested to the effectiveness of the level of the drug selected. The data on food consumption shown in Table 3 provided additional confirmatory evidence of the inhibitory action of PTU.
In the iodide-treated group PTU significantly inhibited the increase in food consumption observed in the group not re- ceiving the drug. Similarly, the results in the thyroxine-treated group were in conformity with those pertaining to growth.
Tribromothyronine. The effect of tribromothyronine on growth was tested in an effort to demonstrate that the halogenated thyronine molecule, rather than the iodide ion, was essential for the response. As shown in Fig. 15 , the remarkable biologic activity of tribromothyronine was confirmed (19) . On the other hand, when daily doses of 10 and 20 mg of bromide (as NaBr) were tested in thyroidectomized male rats suffering growth arrest, no response was obtained.
Discussion
The results, viewed in their entirety, provide strong circumstantial evidence that the biological actions of iodide are attributable to the extrathyroidal formation of small quantities of thyroxine. Only two aspects of this evidence, namely, those derived from the experiments with PTU and tribromothyronine, require further consideration. Although the inhibitory action of PTU was interpreted as indicating that iodide is converted in the tissues to thyroxine, an alternative explanation is also plausible. It could be argued that iodide, forced to enter the cell because of its high concentration in the extracellular fluid, is oxidized within the cell to iodine and then acts in this form. Thus, PTU could act by blocking the oxidation of iodide rather than by inhibiting its organification to thyroxine. According to this idea, the only function of the thyronine molecule would be to transport iodine into the cell. 9 In an effort to show, by analogy, that the halogenated thyronine molecule was essential for the activity and thereby refute this conception, the activity of tribromothyronine was tested. If, according to the direct action theory, the thyronine molecule only serves as a transport mech- 9 For an admirable discussion of this point see the recent review by E. C. Wolff and J. Wolff (20) .
anism for cellular entry of bromine, then tribromothyronine should have been inactive since the bromide ion had no thyroxine-like action in thyroidectomized rats. The ultimate proof, of course, must await the presentation of the chromatographic evidence of thyroxine in the plasma of the thyroidectomized rat. Before the NF-30X Diet was used experimentally, its influence on growth, thyroid function and endocrine organ maintenance was examined in comparison with the several other diets. For this purpose, 80 weanling female rats were divided into groups of 20 and maintained on the 4 diets listed above for 180 days. Terminally, each group of 20 rats was divided into 2 groups of 10. One group was used for determination of serum protein-bound iodine (PBI) concentration, 10 total serum iodine concentration and thyroid 131 I uptake. The endocrine and endocrine-dependent organs were also removed from this group. Thyroid:serum radioiodide concentration ratio (T/S) was determined in the other group by the standard procedure (22) except that Tapazole (1-methyl, 2-mercaptoimidazole) was used as the blocking agent.
Identical increases in body weight were maintained by Diet I and by Low Iodine Diet I throughout the period of observation (Fig. 16) . The same increase was maintained by the NF-30X Diet for the first 28 days; thereafter, the rate of gain declined and, as a consequence, the rats on this diet were significantly lighter than those on Diet I terminally. Body weight increase was very slow initially in the rats maintained on Remington Diet but, surprisingly, the rate of gain accelerated markedly between 30 and 90 days after onset. Thereafter, body weight began to achieve a plateau at a subnormal level. However, since the weight of the rats on Diet I was beginning to plateau at this time, the rate of gain was the same in both groups.
As anticipated, the thyroid was very large (Fig.  16 ) and appeared cherry-red at autopsy in the rats maintained on the Remington Diet. It was interesting that, although the NF-30X diet was 4 times lower in iodine content, the thyroid weight in this group was not greater than that in the group maintained on Low Iodine Diet I. The weights of the pituitary, adrenals, ovaries and uterus were the same in the groups maintained on Diet I, Low Iodine Diet I and NF-30X Diet (Table 4 ). In the group maintained on Remington Diet, the weights of the ovaries and uterus were the same as with the other diets; however, the weights of the pituitary and adrenals were subnormal. As pointed out elsewhere in this paper, the ovaries are less sensitive to thyroxine lack than the adrenals. Fig. 16 shows that the PBI levels in the groups maintained on Low Iodine Diet I and the NF-30X Diet were not markedly reduced as contrasted to the very low value for the group on Remington Diet. It was not surprising that substantial growth was eventually maintained by the Remington Diet, even though the PBI levels were very low, for it is known that only small quantities of thyroxine are needed for normal growth. On the other hand, it was surprising that body weight gain was subnormal in the rats on NF-30X Diet in view of the PBI values. The values for 131 I uptake in the several groups were at the expected levels except in the group maintained on Remington Diet. If a rate study had been made instead of only a single measurement at 20 hr, the value for this group would probably have been higher. In a preliminary experiment in which normal female rats were maintained on the Remington Diet for a period comparable to that used in this study and then injected with 18 I. The lower T/S ratio observed in the group on Remington Diet is most probably an example of the paradoxical falls that can occur in T/S when there is a marked increase in the weight of the gland (23, 24) . If thyroidal I~ space is determined, as recommended by Halmi (24) , the thyroids of the rats on the Remington Diet show a greater degree of activation.
For our present purposes, the results show that the NF-30X Diet is more suitable than the Remington Diet for maintaining immature rats during the period of 131 I injections to achieve thyroidectomy. The results also indicate, and are confirmed by other experiments with more mature rats, that the Remington Diet is adequate for temporary maintenance of adult rats.
